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(57)Abstract: 

PROBLEM TO BE SOLVED: To secure a side scattering 
light and measure even fine particles of a sample even 
when the thickness of a sample layer is small. 
SOLUTION: A laser light emitting from a laser light 
source 1 is changed into a parallel flux with a specified 
cross section through a collimator 2, and it is directed to 
an open type cell 3, then it is scattered or diffracted 
through sample particles in a cell 3. The 
diffracted/scattered light is formed as a 
diffracted/scattered picture on the light receiving 
surface of a forward diffracted/scattered light sensor 5 
through a condenser 4, In addition, the intensity of a 
scattered light with a large scattering angle is measured 
by a side scattered light sensor 6 or backward scattered 
light sensor 7. These data are calculated in the specified 
algorithm by a computer 8 and the particle size 
distribution of sample particles can be obtained. Since a 
laser light axis is allowed to tilt by a specified angle from 
the vertical direction, the side scattered light can be 

secured even in a thin sample layer, permitting the measurement of particle size distribution. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A means to measure the intensity distribution of the diffraction/scattered light ahead 
of [ by the sample particle group obtained by means to irradiate a laser beam at the sample layer 
of predetermined thickness, and the exposure of the laser beam ] an exposure, In the particle- 
size-distribution measuring device equipped with a means to measure the side-scatter 
luminous-intensity distribution mostly outputted near the direction of a right angle to a laser 
beam shaft The vertical mold laser diffraction type particle-size-distribution measuring device 
characterized by constituting a laser beam exposure means so that a laser beam may have a 
predetermined include angle to the thickness direction of said sample layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the vertical mold laser diffraction type particle- 
size-distribution measuring device used for the particle size analysis of small quantity and a 
comparatively high-concentration sample. 
[0002] 

[Description of the Prior Art] For example, like drawin g 2 , using the eel 31 of an open sand mold, 
the sample (sample) was put in in this eel 31, and it placed horizontally, and a laser beam is 
irradiated from the direction upper part of a vertical to a eel at a right angle, array sensors, such 
as a ring detector, detected the diffraction/scattered light outputted caudad, and the particle 
size distribution of a sample are measured in the vertical mold laser diffraction type particle- 
size-distribution measuring device. 

[0003] By the way ( in a general-purpose particle-size-distribution measuring device, even a 
minute radial ball child like a submicron particle need to measure, the side-scatter light of the 
direction of about 90 degrees not only to forward-scattering light but a laser incident light shaft 
and the back scattered light output to eel back be measure in this case, and if the whole change 
be detect, the distribution condition of particle diameter be unanalyzable. Therefore, as shown in 
drawing, he is trying to also detect side-scatter light and a back scattered light. 
[0004] 

[Problem(s) to be Solved by the Invention] However, when there are many amounts of the 
sample introduced in a eel like drawing 2 , since the side-scatter light by the laser beam is 
strong, it is satisfactory, but like drawing 3 , when the depth of a eel 32 is shallow, since there 
are few amounts of a sample, especially when the thickness of the sample layer in a eel 32 is 
thin, side-scatter light may be unable to be feeble, cannot detect and may be unable to measure 
particle size distribution. 

[0005] On the other hand, since a big eel and a lot of samples were needed when making the 
depth of a eel deep like drawing 2 and increasing the amount of a sample in order to obtain many 
side-scatter light, there was a problem that the possibility of about [ not being economical ] and 
multiple scattering became high, and measurement of a high-concentration sample became very 
difficult especially. 

[0006] It was originated in order to solve the above-mentioned technical problem, and even 
when the thickness of the sample layer in a eel is thin, this invention can obtain side-scatter 
light and offers the vertical mold laser diffraction type particle-size-distribution measuring 
device which even a minute radial ball child can measure. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the vertical mold 
laser diffraction type particle-size-distribution measuring device of this invention A means to 
measure the intensity distribution of the diffraction/scattered light ahead of [ by the sample 
particle group obtained by means to irradiate a laser beam at the sample layer of predetermined 
thickness, and the exposure of the laser beam ] an exposure, It has a means to measure the 
side-scatter luminous-intensity distribution mostly outputted near the direction of a right angle 
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to a laser beam shaft, and is characterized by constituting a laser beam exposure means so that 
a laser beam may have a predetermined include angle to the thickness direction of said sample 
layer. 

[0008] Thus, the light scattered about in a laser beam shaft and the direction which 
accomplishes about 90 degrees with constituting when a laser beam is irradiated at a sample 
layer Since the distance which passes through the inside of a sample is shorter than the light 
scattered on the side when a laser beam is irradiated so that it may meet in the depth 
(thickness) direction of a sample layer from the upper part like before Since it is hard to be 
influenced of multiple scattering by the sample particle and the intensity-distribution 
measurement means of the scattered light can be close brought to the generating point of side- 
scatter light, the side-scatter light of strong reinforcement can be measured. 
[0009] 

[Embodiment of the Invention] One operation gestalt of this invention is hereafter explained 
based on a drawing. 

[0010] Drawing 1 shows the configuration of the vertical mold laser diffraction type particle- 
size-distribution measuring device by this invention. The collimator made into the parallel flux of 
light in which 1 has a laser light source for the output light from a laser light source 1, and 2 has 
the predetermined cross section, The open sand mold eel containing the suspension with which a 
top face is opened and 3 distributed the sample (sample) particle, The front diffraction / 
scattered-light sensor by which a condenser lens and 5 consist of a ring sensor or an array 
sensor in 4, and 6 are computers for count etc. to carry out the particle size distribution of a 
sample using the signal by which a side-scatter photosensor and 7 were detected by the back 
scattered light sensor, and 8 was detected with each photosensor. 

[001 1] The open sand mold eel 3 is placed horizontally, a condenser lens 4 is arranged in the 
travelling direction of an exposure laser beam, and the upper part of the open sand mold eel 3, 
and diffraction / scattered-light sensor 5 is arranged in the back. 

[0012] Behind the eel 3, the back scattered light sensor 7 is arranged for the side-scatter 
photosensor 6 in the direction which makes the optical axis of an exposure laser beam, and the 
include angle of about 90 degrees around the open sand mold eel 3. With a collimator 2, the laser 
beam by which outgoing radiation was carried out from the laser light source 1 serves as the 
parallel flux of light with the predetermined cross section, and is irradiated by the open sand 
mold eel 3. Since the suspension which made the eel 3 distribute a sample particle is in close, 
the irradiated laser beam is scattered about for it or diffracted by the sample particle. 
[0013] This diffraction/scattered light tie diffraction/dispersion image through a condenser lens 
4 on the light-receiving side of front diffraction / scattered-light sensor 5. Moreover, the 
reinforcement with a big diffusion angle of the scattered light is measured by the side-scatter 
photosensor 6 or the back scattered light sensor 7. 

[0014] The output of front diffraction / scattered-light sensor 5 and the output of the side- 
scatter photosensor 6 and the back scattered light sensor 7 are incorporated by the computer 8 
through amplifier, an A/D converter (neither is illustrated), etc., respectively, and a computer 8 
computes the particle size distribution of a sample particle with the algorithm shown below using 
each data on the strength [ optical ], i.e., diffraction / scattered-light intensity-distribution data. 
[0015] An optical intensity-distribution pattern changes with the magnitude of a particle. Since 
the particle from which magnitude differs is intermingled, the optical intensity-distribution 
pattern produced from a particle group serves as superposition of the diffraction/scattered light 
from each particle at a actual sample. 

[0016] It is s=Aq when this is expressed by the matrix (matrix) (1) 

It becomes. However, [0017] 
[Formula 1] 



i 
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Si 



q = 



(2) 



[0018] 
[Formula 2] 



ai r i a 



I . 2 



ai. j 



(3) 



s is an optical intensity-distribution vector. The element si (i= 1, 2, ... m) is the amount of 
incident light detected by each component and side-scatter photosensor of a ring detector, q is 
a particle-size-distribution (frequency distribution %) vector. The particle-size-distribution range 
is made into finite, n division of within the limits of this is done, and they are d1 and the minimum 
value about maximum dn+1 It carries out. It is one particle diameter Xj about each division 

section [dj and dj+1]. It is made to represent. The element qj (j= 1. 2 n) of q is particle 

diameter Xj. It is corresponding particle weight. 



[0019] Usual, 



2 

i ■! 



q, =100% 



(4) 



It is normalizing so that it may become (normalizing). 

[0020] A is a coefficient matrix which changes particle size distribution (vector) q into the 
optical intensity distribution (vector) s. The physical semantics of aij (i= 1, 2, ... m, j= 1, 2, ... n) of 
the element of A is the amount of incident light to the i-th component of the light diffracted / 
scattered about by the particle group of the unit particle weight of particle diameter xj. 
[0021] ai and j A numeric value is theoretically calculable. In being large enough compared with 
the wavelength of the laser beam from which particle diameter serves as the light source, it uses 
a Fraunhofer diffraction theory for this. However, particle diameter is comparable as the 
wavelength of a laser beam, or it is Mie in a submicron field smaller than it. It is necessary to use 
a scattering theory. Particle diameter compares with wavelength in front minute angle dispersion, 
and a Fraunhofer diffraction theory is Mie effective when sufficiently big. It is possible that it is 
the approximation which was excellent in the scattering theory. 

[0022] Mie In order to calculate the element of a coefficient matrix A using a scattering theory, 
it is necessary to set up the refractive index of the medium which distributes a particle and it 
[0023] Now, when the formula which calculates the least square solution (vector) to is derived, it 
is q=(AT AM AT s (5) 

(5) A formula is obtained. However, AT It is the transposed matrix of A and ( )-1 shows an 
inverse matrix. 

[0024] (5) In the right-hand side of a formula, each element of the optical intensity distribution 
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(vector) s is a numeric value detected by front diffraction / scattered-light sensor and the side- 
scatter photosensor, and the back scattered light sensor. Moreover, a coefficient matrix A is a 
Fraunhofer diffraction theory or Mie. It is calculable beforehand using a scattering theory. 
Therefore, if count of (5) types is performed using those known data, it is clear that particle size 
distribution (vector) q can be found. In addition, in order to measure the particle size distribution 
of a submicron particle, it is necessary to set up the refractive index of the medium which 
distributes the particle and it used as the measuring object 

[0025] The wide range particle size distribution which include the submicron field of the 
suspension in a eel as mentioned above can be searched for. 

[0026] And since he is trying to irradiate a laser beam from the direction of a vertical, and the 
direction of the slant which accomplishes a predetermined include angle even when a sample 
layer is very thin, the yield of side-scatter light becomes high and this scattered light can be 
detected. 

[0027] Thus, the danger of multiple scattering can decrease and that a sample layer is thin can 
also perform comparatively high-concentration sample measurement. 

[0028] Therefore, not only when the suspension which made the open sand mold eel distribute a 
sample (sample) particle as mentioned above is put in, but when a sample is rare, a sample can 
be dropped at transparent plates, such as a slide glass, and particle-size-distribution 
measurement can be carried out to a fixed area by the extended state, without attaching a cover 
glass etc. Moreover, the base where the hole which can be arranged so that an optical axis may 
be passed opened can be prepared without needing a special fixed means also about a plate-like 
sample, and same measurement can be carried out only by placing on it. 
[0029] In addition, although the laser beam is irradiated with the above-mentioned operation 
gestalt from the lower part which makes the direction of a vertical (the thickness direction of a 
sample layer), and a predetermined include angle, a laser light source and a collimator are 
arranged for this above a eel, a condenser lens, and front diffraction / scattered-light sensor are 
arranged under the eel, and the same effectiveness is acquired even if it makes it irradiate a 
laser beam from the direction of a vertical (the thickness direction of a sample layer), and the 
upper part which makes a predetermined include angle. 
[0030] 

[Effect of the Invention] Since he is trying to become the direction to which the laser beam 
shaft inclined the degree of predetermined angle to the thickness direction of a predetermined 
sample layer according to the vertical mold laser diffraction type particle-size-distribution 
measuring device of this invention as explained above, even if a sample layer is thin, side-scatter 
light can be detected and wide range particle-size-distribution measurement including the 
submicron field of a sample can be performed. Moreover, since the sample layer may be thin, and 
multiple scattering can be controlled even if it is a comparatively high-concentration sample, it 
can measure to accuracy. 



[Translation done.] 
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